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Recent accomplishments

• Published 15 papers in last 12 months 

• The MPC-EX successfully installed, commissioned and 
operated in Run-15 

• High multiplicity trigger for p+p to look for near-side ridge 
– only seen by CMS so far 

• Submitted sPHENIX proposal, reviewed in April 2015 

• Wide range of impactful physics results - two examples 
on next slides
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The challenge of photon yields and anisotropy
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FIG. 6. (Color online) Ratio R� as function of photon pT
for the combined 2007 and 2010 data sets in centrality bins
0%–20%, 20%–40%, 40%–60% and 60%–92%. Statistical un-
certainties plotted as vertical lines are dominated by the ⇡0

yield extraction. All other systematic uncertainties are added
in quadrature and shown as filled boxes. On panels (a) and
(b) we also show earlier results from Ref. [2], obtained by
extrapolating virtual photons to zero mass.

IV. RESULTS AND DISCUSSION

Figure 5 compares our results for R� in minimum-bias
collisions from the 2007 and 2010 data sets separately,
while Figure 6 shows the same quantity for the four cen-
trality selections. Here we used the full geant simulation
for the 2007 data, and the fast Monte Carlo simulation
for the 2010 data. R� from the two data sets agree well
within statistical errors. Figure 6 also includes data from
an earlier publication [2], in which R� was obtained by
extrapolating virtual photons to m = 0 for the two cen-
tral bins and pT > 1.0 GeV/c. The R� was used to cal-
culate the direct-photon pT spectra shown in [2]; here we
show the corresponding data points. We observe no sta-
tistically significant di↵erence between the R� measured
from real and virtual photons. However, given the un-
certainties, we cannot rule out a di↵erence of up to 15%,
as is estimated in Ref. [12]. The R� shows a statistically
significant excess of photons above those expected from
hadron decays, and this excess increases with centrality.

To combine the data sets we apply the corrections cal-
culated from the fast simulation for both the 2007 and
2010 data (after verifying consistency between the cor-
rections calculated for the 2007 data with both the fast
Monte Carlo and full geant) and average the numer-
ators in Eq. 3 for the 2007 and 2010 data sets. While
the correction factor h"�fi is di↵erent for the two data
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FIG. 7. (Color online) Direct photon pT spectra for
minimum-bias Au+Au collisions from this measurement
(solid symbols) and Au+Au and p+p collisions (open sym-
bols). Open circles and up triangles: low pT spectrum ob-
tained with virtual photons in p+p and Au+Au [2]. Open
squares and down triangles: spectrum of real photons, mea-
sured in the EMCal in p+p. Open squares are 2003 data [35],
open down triangles are 2006 data [36]. Open stars: spec-
trum with real photons, measured in the EMCal in Au+Au
in 2004 [37]. The dashed line is a fit to the combined set of
p+p data, extrapolated below 1GeV/c, and the solid line the
p+p fit scaled with the number of minimum-bias Au+Au col-
lisions. Bands around lines denote 1� uncertainty intervals in
the parameterizations of the p+p data and the uncertainty in
N

coll

, added in quadrature.

sets (due to di↵erences in detector dead areas and the
di↵erent minimum photon energy cuts applied), the sys-
tematic uncertainties are the same. Next we determine
the direct photon yield from the combined R� for each
pT bin:

�direct = (R� � 1)�hadron, (4)

were �hadron is the invariant yield of photons fromhadron
decays, which we calculate from measured charged and
neutral pion spectra, as described above. At this point
a systematic uncertainty of 10% on the shape of the
input ⇡0 distribution for the generator needs to be in-
cluded [27] (this mostly cancels in the denominator of R� ,
but no longer cancels in Eq. 4). The measurement was
cross-checked and found consistent with the direct pho-

Direct photons to low pT in Au+Au 
Phys. Rev. C 91, 064904 (2015) – Editors’ Suggestion

External conversion technique – down to 400 MeV/c – 
improves on QM’11 result 

Continues to be a challenge to describe photon yields 
and v2, v3 simultaneously 

Tension between high yield at early time and high 
temperature and high v2 and late time to develop flow

Characterizing the QGP Recent accomplishments
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Figure 1.6: Preliminary measurements of direct photon v2 and v3 in Au+Au compared to several
theory calculations, showing the current tension between simultaneous descriptions of the direct
photon yields and their azimuthal anisotropy.

finalized. We expect to submit these results for publication this summer. Similarly, Run-12 Cu+Au
FVTX results are being finalized. The Run-14 Au+Au data set is the Golden Data set for these
analyses with very high statistics and good detector performance. That production is already well
underway.

The performance status of the FVTX and VTX are given in Sections 2.1 and 2.2. Here we highlight
that the FVTX is also effective at improving the measurement of heavy quarkonia. Figure 1.7 shows
a reconstructed dimuon mass spectrum from Run-13 p+p data using the FVTX and muon detectors.
With the FVTX a clear separation of J/y and y(2S) peaks is obtained and the combinatorial
background is reduced as the FVTX detector rejects hadronic backgrounds. Figure 1.7 is the
extracted J/y:y(2S) ratio using the same data, compared to world data.
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Figure 1.7: The Run-13 p+p unlike-sign mass spectrum showing the J/y and y(2S) peaks, along with
the fits to the two mass peaks and the background.
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Geometry and small systems: initial and final state
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FIG. 3: Charged hadron second-order anisotropy, v2, as
a function transverse momentum for (filled [blue] circles)
PHENIX and (open [black] squares) ATLAS [9]. Also shown
are hydrodynamic calculations from Bozek [14,31] (dotted
[blue] curve) and Bzdak et al. [32,39] for impact parameter
glasma initial conditions (solid curve) and the MC-Glauber
model initial conditions (dashed curve).

and with impact-parameter glasma [33] initial conditions
(note that these calculations are at a fixed Npart, not the
exact centrality range as in the data). These calculations
have very different assumptions about the initial geom-
etry and yet are all in qualitative agreement with the
data.

To further investigate the origin of this effect, we plot
in Fig. 4 the PHENIX results for both d+Au and Au+Au
scaled by the eccentricity (ε2), as calculated in a MC-
Glauber model, as a function of the charged-particle mul-
tiplicity at midrapidity. Due to the lack of available
multiplicity data for the d+Au centrality selection the
dNch/dη value is calculated from HIJING [27]. The 0%–
5% d+Au collisions at

√
s
NN

= 200 GeV have a dNch/dη
similar to those of midcentral p+Pb collisions at the
LHC, while the ε2 values for d+Au collisions are about
50% larger than those calculated for the midcentral p+Pb
collisions. The key observation is that the ratio v2/ε2 is
consistent between RHIC and the LHC, despite the factor
of 25 difference in collision center of mass energy. A con-
tinuation of this trend is seen by also comparing to v2/ε2
as measured in Au+Au [34–36] and Pb+Pb [37, 38] col-
lisions. The ε2 values calculated depend on the nucleon
representation used in the MC-Glauber model. In large
systems this uncertainty is small, but in small systems,
such as d+Au, this uncertainty becomes much more sig-
nificant. For illustration, ε2 has been calculated using
three different representations of the participating nucle-
ons, pointlike centers, Gaussians with σ = 0.4 fm, and
uniform disks with R = 1 fm for the PHENIX data. The
scaling feature is robust against these geometric varia-
tions, which leads to an approximately 30% difference in
the extracted ε2 in d+Au collisions (other models, e.g.
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FIG. 4: (color online) The eccentricity-scaled anisotropy,
v2/ε2, vs charged-particle multiplicity (dNch/dη) for d+A
and p+Pb collisions [8, 9]. Also shown are Au+Au
data at

√
s
NN

= 200 GeV [34–36] and Pb+Pb data at√
s
NN

= 2.76 TeV [37, 38]. The v2 are for similar pT se-
lections. The colored curves are for different nucleon repre-
sentations in the ε2 calculation in the MC-Glauber model.
The errors shown are statistical only and only shown on the
d+Au point with the point-like centers ε2 for clarity. Owing
to the lack of available multiplicity data in p+Pb and d+Au
collisions the dNch/dη values for those systems are calculated
from hijing [27]. All dNch/dη values are in the center of mass
system.

Ref. [32], could produce larger variations).
In summary, a two-particle anisotropy at midra-

pidity in the 5% most central d+Au collisions at√
s
NN

= 200 GeV is observed. The excess yield in cen-
tral compared to peripheral events is well described by
a quadrupole shape. The signal is qualitatively similar,
but with a significantly larger amplitude than that ob-
served in long-range correlations in p+Pb collisions at
much higher energies. While our acceptance does not al-
low us to exclude the possibility of centrality dependent
modifications to the jet correlations, the subtraction of
the peripheral jetlike correlations has been checked both
by varying the ∆η cuts and exploiting the charge sign
dependence of jet-induced correlations. The observed re-
sults are in agreement with a hydrodynamic calculation
for d+Au collisions at

√
s
NN

= 200 GeV.
We find that scaling the results from RHIC and the

LHC by the initial second-order participant eccentricity
from a MC-Glauber model [14] may bring the results to a
common trend as a function of dNch/dη. This may sug-
gest that the phenomena observed here are sensitive to
the initial state geometry and that the same underlying
mechanism may be responsible in both p+Pb collisions
at the LHC and d+Au collisions at RHIC. It may also
imply a relationship to the hydrodynamical understand-
ing of v2 in heavy ion collisions. The observation of v2 at
both RHIC and the LHC provides important new infor-
mation. Models intended to describe the data must be

Azimuthal anisotropy in d+Au 
Phys. Rev. Lett. 111, 212301 (2013)

Azimuthal anisotropy in d+Au via two-particle correlations triggered by LHC p+Pb  
Confirmed via large Δη separated measurement (uses MPC) 4

Long-range azimuthal anisotropy in d+Au 
Phys. Rev. Lett. 114, 192301 (2015)  – Editors’ Suggestion

of near-side pairs, producing a local maximum in the
distribution at Δϕ ∼ 0, which is not seen in the pþ p
data. We analyze the distributions by fitting each
CðΔϕ; pTÞ to a four-term Fourier cosine expansion,
fðΔϕÞ ¼ 1þ

P
4
n¼1 2cnðpTÞ cosðnΔϕÞ; the sum function

and each individual cosine component are plotted in Fig. 1
for each distribution. We observe that the pþ p distri-
bution shape is described almost entirely by the dipole
term cosðΔϕÞ, as expected generically by transverse
momentum conservation, via processes such as dijet
production or soft string fragmentation; the shape in
central dþ Au collisions exhibits both dipole and quadru-
pole cosð2ΔϕÞ terms with similar magnitudes. Both c3
and c4 are found to be ≈0, as shown in Fig. 1.
Figure 2 shows the fitted c2 parameters from the dþ Au

and pþ p collisions with both statistical and systematic
uncertainties. We estimate contributions to systematic
uncertainties from two main sources: (1) tracking back-
grounds from weak decays and photon conversions and
(2) multiple collisions in a bunch crossing (pileup) in
dþ Au collisions. We estimate the tracking background
contribution by reducing the spatial matching windows in
the third layer of the PC from 3σ to 2σ, and find that the
change is less than 2% fractionally in c2. To study the
pile-up effect in dþ Au collisions, we separate the dþ Au
data set into two groups, one from a period with lower
luminosity and the other with the higher luminosity. The
corresponding pile-up event fractions in central dþ Au
collisions are 3.5% and 7.0%, respectively. The cdþAu

2 in the
lower luminosity data set is around 5% higher than that in

higher luminosity across allpT . The average pile-up fraction
for the total data sample is around 4%–5% and a systematic
uncertainty around 10% is assigned to cover this effect.
Additionally, we compare cpþp

2 results for pþ p data taken
in the 2008 and 2009 running periods, and see a difference
of less than 5% for pT < 1 GeV=c, increasing to 15% for
pT > 3 GeV=c. To characterize biases that might arise
because the tower energy and centrality are measured in
the same rapidity range, we have compared results obtained
using two different detectors in the Au-going direction to
define the event centrality: (i) the reaction-plane detector
(−2.8 < η < −1.0) [24] and (ii) the zero-degree calorimeter
(η < −6.5) [25]. The c2 values obtained in the two cases
differ by 6% from those reported here.
Some portion of the correlation quadrupole strength c2

in the dþ Au data could be due to elementary processes
such as dijet fragmentation (mainly from the away side)
and resonance decays. We can estimate the effect of such
processes under the assumptions that (i) all correlations
present in minimum bias pþ p collisions are due to
elementary processes and (ii) those same processes occur
in the measured dþ Au system as a simple superposition of
several nucleon-nucleon collisions. In this case, we would
expect the contribution from elementary processes to be
equal to the cpþp

2 ðpTÞ but diluted by the increase in particle
multiplicity between pþ p and dþ Au collisions, if the
number of elementary processes is proportional to the
multiplicity of the other particle used in pair correlations
(see also the “scalar product method,” as in Refs. [26,27]).
We estimate the ratio of the pþ p to dþ Au general
multiplicities by measuring the ratio of the total transverse
energy

P
ET seen in the MPC-S calorimeter in pþ p

versus dþ Au events, which we find to be approximately
1=ð17.9% 0.35Þ and only weakly dependent on the track
pT (≤ 2%). We can then separate cdþAu

2 ðpTÞ into elemen-
tary and nonelementary components:

cdþAu
2 ðpTÞ ¼ cnonelem2 ðpTÞ þ celem2 ðpTÞ

≈ cnonelem2 ðpTÞ þ cpþp
2 ðpTÞ

ΣEpþp
T

ΣEdþAu
T

: ð3Þ

The ratio in Fig. 2(b) shows that the contribution to
cdþAu
2 from elementary processes is indeed small, ranging
from a few percent at the lowest pT to around 10% at the
highest pT , and no more than 13% with the other centrality
selections mentioned above. The presence of the near-side
peak in the pairs distribution in the central dþ Au system
is reproduced in some physics model calculations. The
formation of a medium that evolves hydrodynamically is
one such possibility [7–9], but processes such as initial state
gluon saturation [14,15] could also create such an effect.
To quantitatively address the physics of this near-side

peak and compare with detailed hydrodynamics calcula-
tions, the v2 of charged hadrons, pions, and (anti)protons at
midrapidity is measured via the event plane method [28].
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FIG. 2 (color online). (a) c2ðpTÞ for track-tower pairs from
0%–5% dþ Au collisions and c2ðpTÞ for pairs in minimum bias
pþ p collisions times the dilution factor ðΣET

pþp=ΣET
dþAuÞ.

Panel (b) shows their ratio, indicating that the contribution to the
c2 amplitude in dþ Au from elementary processes present in
pþ p is small, only a few percent at low pT and rising to only
10% by 4.5 GeV/c. Both statistical (bar) and systematic (band)
uncertainties are shown.
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The v2 is measured as v2ðpTÞ ¼ hcos 2ðϕparticle −Ψobs
2 Þi=

ResðΨobs
2 Þ, where the average is over particles in the pT bin

and over events. The second order event plane direction
Ψobs

2 is determined using the MPC-S (Au going). The
study of correlation strength as above indicates that
the elementary-process contribution to the event plane v2
result is similarly small, less than 10% fractionally out to
pT ¼ 4.5 GeV=c. The event plane resolution ResðΨobs

2 Þ
(∼0.151$ 0.003) is calculated through the standard
three subevents method [28,29], with the other two
event planes being (i) the second order event plane
determined from central-arm tracks, restricted to low pT
(0.2 < pT < 2.0 GeV=c) to minimize contribution from jet
fragments, and (ii) the first order event plane measured
with spectator neutrons in the shower-maximum detector
on the Au-going side (η < −6.5) [25,29]. The systematic
uncertainties on the v2 of charged hadrons are mainly from
the tracking background (2%) and pile-up effects (5%),
as described above, and also from the difference in v2
from different event plane determinations. To estimate the
systematic uncertainty of the latter, we compare the v2
extracted with the MPC-S event plane with that using the
south (Au-going) beam-beam counter, and the two mea-
surements of v2 are consistent to within 5%. The difference
for v2 from the different centrality determinations as
discussed previously is less than 3%.
The v2 of charged hadrons for 0%–5% central dþ Au

events with event plane methods are shown in Fig. 3(a)
as v2ðEPÞ for pT up to 4.5 GeV=c, along with a poly-
nomial fit through the points. Also shown are our earlier

measurement with two particle correlations [v2ð2pÞ] and
the v2 measured in the central pþ Pb collisions at LHC.
Figure 3(b) shows the ratios of all of these measurements
divided by the fitting results. The v2 from our prior
measurements, with subtraction of peripheral data to
reduce jet contributions, exceed the current measurement;
differences range from about 15% at pT ¼ 1.0 GeV=c to
about 50% at pT ¼ 2.2 GeV=c. The difference is about
1.5σ for the top three points with the largest deviations
from the fit. It may be due to different jetlike correlation
being present in central and peripheral collisions [30]. The
present measurement, without peripheral subtraction, is
performed with jΔηj > 2.75, far away from the near-side
main jet peak. The contribution from jet, which includes
both near and away side, has been found to be less than
10% from the study of c2 shown in Fig. 2. Even if there is a
30% enhancement of jetlike correlation from pþ p to
central dþ Au collisions, it will only raise from 10% to
13% our estimate of the jetlike contribution to the v2 in
central dþ Au collisions. The present v2 measurement is
closer to that of pþ Pb collisions [2,3,6]. It is about 20%
higher than that of pþ Pb at pT ¼ 1 GeV=c, and the
difference decreases to a few percent at pT > 2.0 GeV=c.
Figure 4 shows the midrapidity v2ðpTÞ for identified

charged pions and (anti)protons, with charge signs com-
bined for each species, up to pT ¼ 3 GeV=c using the
event plane method; the systematic uncertainties are the
same as for inclusive charged hadrons. A distinctive mass
splitting can be seen. The pion v2 is higher than the proton’s
for pT < 1.5 GeV=c, as has been seen universally in
heavy-ion collisions at RHIC [34–39]. Figure 4(a) also
shows calculations of viscous hydrodynamics with
Glauber initial conditions starting at τ ¼ 0.5 fm=c with
η=s ¼ 1.0=ð4πÞ, followed by a hadronic cascade [31–33].
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FIG. 3 (color online). Measuredv2ðEPÞ formidrapidity charged
tracks in 0%–5% central dþ Au at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 200 GeV using the
event plane method in (a). Also shown are v2 measured in central
pþ Pb collisions at

ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV [2,3,6] and our prior
measurements with two particle correlations [v2ð2pÞ] for dþ Au
collisions [16]. A polynomial fit to the current measurement and
the ratios of experimental values to the fit are shown in (b).
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Managing the collaboration in the mid-term

• New institutions: MEPHI, Zagreb 

• No longer encouraging institutions to join PHENIX, but to 
focus on sPHENIX as new collaboration 

• Involve collaboration in developing compelling science plans 

• Recognize ongoing detector and analysis efforts in the 
collaboration (speaking opportunities, internal review 
committees for papers, highlighting) 

• Maintaining collaboration strength to complete PHENIX 
scientific mission is a challenge
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Highlighting young physicists in PHENIX

We pick two young PHENIX physicists each month to highlight 
in front of the collaboration – they give their institutional 
affiliation, describe their background, research focus, interests
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Collaboration argues for compelling science

André-Henri Dargelas (ca. 1860)

PHENIX Beam Use Proposal
Run-14 and Run-15

Submitted May 28, 2013

PHENIX Beam Use Proposal
Run-15 and Run-16

Submitted May 29, 2014

PHENIX Beam Use Proposal
Run-16 and Run-17

Submitted May 18, 2015
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sPHENIX proposal

p+p and p+A whitepaper

BES-II whitepaper

“ePHENIX” LOI
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sPHENIX is part of BNL plan for coming years
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2016: final PHENIX 
data taking



1.5T BaBar solenoid

Hadronic calorimetry

EM calorimetry

Tracking/vertexing

9

sPHENIX proposal
sPHENIX is a proposed high-rate detector 
with a full program of light and heavy-
flavor jets, direct photons, upsilons, and 
correlations to investigate the underlying 
dynamics of the QGP

Key observables:

• modifications of single jet spectra

• heavy-flavor tagged jets

• hadrons to high pT

• fragmentation functions to high z 

• direct photons

• high pT Ds

• upsilons

• X+jet correlations

DOE review of sPHENIX science case, April 30, 2015 – no recommendations



Timely production of results

• Physics working groups and Analysis Coordinator help set priorities to schedule 
data for reconstruction 

• Production Coordinator and Computing Coordinator work to define and 
continually refine strategy to speed availability of processed data for analysis 

• Full data set subdivided (e.g. central arm vs muon arm) to speed initial 
availability of processed data for some analyses 

• Considered placement of data on disk vs tape to optimize speed of 
reconstruction (involves close coordination with RACF) 

• Initial reconstruction of data from each year finished within 1.5–2 years 

• Reconstructed data is made available via “analysis taxi” – machinery for making 
a coordinated pass by many separate analysis modules over large data sets

10



*Lumi:  sampled integrated luminosity in pb-1 (nb-1) in pp (highest energy HI);
  vertex range is narrow/wide/30 cm for heavy flavor, dileptons/W/others

Data Sets
year E (GeV), species Lumi* upgrade physics reco status

2014            15, 200  AuAu
                200 3HeAu

2.3
25

(F)VTX Heavy flavor,
Flow in small 
systems

2013                  510  pp 242 W trigger anti-q helicity

2012           200, 510  pp
                 193  UU
                 200  CuAu

4, 50
0.17
5

W trigger

(F)VTX

anti-q helicity,
geometry,
Heavy flavor

2011                  510  pp
       19, 200, 27  AuAu

28
0.8

W trigger
VTX

anti-q helicity
Heavy Flavor

2010    200, 62, 39, 7  AuAu 1.1 HBD low-mass 
dileptons

Run-15: p+Al is fully reconstructed now – available for analysis

11



Use of computing resources

• RHIC Computing Facility (RCF):  

• 15,000 batch computing slots, 8 PB storage for raw data and DSTs

• Keeping pace with increase of data size

– Added VTX, FVTX, W trigger, MPC-EX

– Still recording data with > 5 kHz 

• Open Science Grid: 

– large-scale simulations w/o 

impacting closer-to-the-data RCF 
resources

12



Plans for key results in a timely fashion

• Many details in talk by Stefan Bathe at BNL/NPP PAC 
meeting 

• HBD and VTX results 

• Low mass di-electron in Au+Au   

• Separated charm/bottom yields from Run-11 Au+Au 

• Both papers are on track for journal submission by QM’15 

• Flow analysis of 3He+Au – paper imminent

13



HBD Data Release Plan

Quark Matter 2012, arXiv:1211.6002


• Preliminary result for peripheral and semi-central

• Final analysis completed

• Paper Preparation Group formed December 2014

• Complete paper draft exists

• Plan:  journal submission by September 2015 

14



VTX Data Release Plan

• Run11 Au+Au  
• Final analysis essentially done 
• Paper Preparation Group formed May 2015 
• Complete paper draft exists 
• Journal submission by September 2015 

• Run14 Au+Au, Run 15 p+p 
• Analysis procedure established 
• analysis of Run14 Au+Au and Run15 p+p will be faster 
• preliminary result (50% of data) by September 2015 
• followed up by publication

15



FVTX Data Release Plan

• Reconstruction status 
• Run12 Cu+Au, p+p:  done 
• Run14:   

• Starting in July 
• 5 months to 50% completion (November 2015) 
• 9 month to 100% completion (March 2016) 

• Run15:   
• starting this week,  
• two weeks to completion (July 2015) 

Goal: preliminary result from Cu+Au 
September 2015

16



PRD, 90, 012007 (2014)

PRD, 91, 032001 (2015)

Finalizing Run-13 510 GeV p+p results

Gluon Spin Results

RHIC Spin White Paper

1501.01220

17



Mid-Rapidity W results

W→e results from Runs 11, 12, 13 submitted for publication 
arXiv:1504.07451
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Run14 3He+Au

• Preliminary result shown at IS2014

• v2 similar in 3He+Au and d+Au

• Significant v3 in 3He+Au


• Publication Plan

• Paper Preparation Group formed 

February 2015

• Journal submission in July 2015

19

2.2 B events recorded

Centrality trigger

Enhanced 0-5% most central by nearly factor 10

Recorded almost all central events



Run14 3He+Au

• Preliminary result shown at IS2014

• v2 similar in 3He+Au and d+Au

• Significant v3 in 3He+Au


• Publication Plan

• Paper Preparation Group formed 

February 2015

• Journal submission in July 2015

19
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tary process/nonflow correlations. We assign the follow-352

ing values to account for these systematic uncertainties:353

(1) We estimate the track background contribution by354

reducing the spatial matching windows in PC3 from 3�355

to 2�, and find a change of less than 2%(5%) fractionally356

in v2(v3). (2) We expect the vn from pile-up events to be357

modestly reduced. Conservatively assuming that pile-up358

events that contaminate the sample at the level of 4%–359

5% have a negligible vn, this results in a +0
�5% systematic360

uncertainty. (3) Event plane e↵ects are estimated from361

vn measurements using di↵erent event plane detectors as362

shown in Fig. 3(c). They are no more than 5%(15%)363

for v2(v3). (4) The di↵erence of vn for charged hadrons364

measured by the east and west DC arms are found to365

be less than 2%(15%) for v2(v3). (5) The contribution366

from nonflow correlations at each pT is estimated from367

Fig. 3(b), reaching a maximum of 7%(15%) for v2(v3).368

We do not attempt to correct for this contribution and369

instead treat it as a systematic uncertainty. All of these370

contributions are summed in quadrature.371

The final vn results are determined using the event372

plane measured in the FVTX-S covering -3.0< ⌘ <-1.0,373

and these are shown in Fig. 4, with the systematic uncer-374

tainties as described above. We observe sizable v2 and v3375

anisotropies that both rise as a function of pT . It is no-376

table that the v2(pT ) values for central 3He+Au collisions377

are very similar within uncertainties with those reported378

earlier in central d+Au collisions [10]. In scenarios where379

these anisotropies reflect the initial geometry, this sim-380

ilarity would be expected as the initial eccentricities "2381

for central d+Au and 3He+Au are essentially identical,382

as shown in Table I. The same calculations indicate a383

much larger "3 in 3He+Au compared with d+Au colli-384

sions. However, the d+Au data used in [10] were taken385

in 2008, without a central trigger and before the FVTX386

was installed, and did not allow extraction of a statisti-387

cally significant v3 in d+Au.388

We now compare the experimental data with the-389

ory predictions in the literature. Four such predictions390

shown in Fig. 4 employ viscous hydrodynamics with391

⌘/s at or near the conjectured lower bound 1/4⇡ [30].392

The Glauber+Hydro [31] (IP-Glasma+Hydro [32]) uti-393

lize Glauber (IP-Glasma) initial conditions, and both394

over-predict the v2 and v3 data. Improved agreement395

may be achieved by utilizing a larger value of ⌘/s or by396

the inclusion of a transition from QGP to a hadronic397

cascade, which has much larger viscous e↵ects and thus398

decreases the overall flow. The sonic calculation [14] em-399

ploys Glauber initial conditions, viscous hydrodynamics,400

and then at T = 170 MeV a transition to a hadronic401

cascade. The supersonic calculation [33] additionally402

includes pre-equilibrium dynamics that boosts the ini-403

tial velocity fields at the earliest times. The impact of404

pre-equilibrium is modest on the v2 values and both cal-405

culations agree with the data within uncertainties. The406

e↵ect of pre-equilibrium on v3 is significantly larger as the407

 [GeV/c]Tp
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nv

0
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0.2
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FIG. 4. (Color online) Results for v2 (circles) and v3 (squares)
as a function of pT for inclusive charged hadrons at midrapid-
ity in 0%–5% central 3He+Au collisions at

p
sNN = 200 GeV;

error bars are statistical and shaded bars are systematic un-
certainties as described in the text. Also shown are various
theoretical calculations, see text for details and references.

triangular flow takes longer to develop [14]. The super-408

sonic prediction agrees well with the experimental data409

for pT < 1.5 GeV/c, and then the data trends towards410

the sonic prediction at higher pT .411

Lastly, we compare to calculations utilizing the A-412

Multi-Phase-Transport (ampt) model [34], which in-413

corporates both partonic and hadronic scattering, and414

has recently been compared with anisotropies in cen-415

tral p+Pb and d+Au collisions [35, 36]. ampt results416

for 3He+Au agree reasonably with the experimental v2417

and v3 data for pT < 1 GeV and then significantly418

underpredict the data.Possible underlying causes of the419

anisotropies within the AMPT model are discussed in420

Ref. [37].421

We have presented first results on azimuthal422

anisotropies v2 and v3 in central 3He+Au collisions at423 p
sNN = 200 GeV. Calculations including hydrodynamic424

expansion of three initial hot spots created in 3He+Au425

collisions qualitatively describe the data. Further com-426

parison with di↵erent theoretical models should be infor-427

mative in terms of the contributions from the initial ge-428

ometry and each time stage in the medium evolution in-429

cluding pre-equilibrium. Forthcoming results from p+Au430

collisions at RHIC will provide a full suite of geometries431

with highly asymmetric collisions to constrain the origin432

of the observed anisotropies.433

appeared on arXiv last night

arXiv:1507.06273

2.2 B events recorded

Centrality trigger

Enhanced 0-5% most central by nearly factor 10

Recorded almost all central events



Summary
• Managing the collaboration toward the mid-term plan 

• Focus on key PHENIX deliverables 

• Effective interaction of PM, PWG conveners, Coordinators, Operations and Collaboration  

• Engage whole collaboration (paper reviews, speaking opportunities, highlight) 

• Emphasis on showing published results at major conferences 

• Involve collaboration in crafting future physics plan 

• Approach to analyzing data in a timely fashion 

• Prioritize reconstruction of various data sets 

• Sophisticated exploitation of available computing resources 

• Emphasis on showing published results at major conferences (same as above)
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